Thermal Inertia Mapping to Determine Location of Lunar Lava Tubes
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Introduction Thermal Inertia Data Analysis

Vertical Lines:

The vertical lines that appear in the thermal images distort the
appearance of possible lava tubes. These lines may be a result of
the nature of the orbiter's vertical path. If the orbiter passed over
an area early in the day (~300K) and early at night (~125K), we
would see a smaller temperature difference, resulting in a darker
vertical line compared to if the orbiter passed over the area later in
the day (¥400K) and later in the night (~75K).

Purpose:

Thermal Inertia:

Our purpose is to design an alternative method of locating lunar
lava tubes for possible use in habitation. We hypothesized that
through using thermal inertia mapping as opposed to visual
imagery, we could locate intact lava tube cavities because lava
tubes have a higher thermal inertia than their surrounding
environments.

Thermal inertia is the tendency for a material to conduct and store heat.
The heat is stored during daytime and let off during the nighttime and
thermal inertia is a means of measuring this heat transfer. For the purposes
of this hypothesis, we used a pseudo thermal inertia which is given by the
difference between daytime and nighttime temperatures. The greater the
difference, the less thermal inertia and vice versa.

Mare Imbrium

Lava Tubes: Formation & Structure: A large thermal inertia chiefly indicates small particulate size, or the i ' o Results: o
oresence of a thermally insulated lava tube. In the case of a lava tube, the WAC Mosaic | i .We observe.d similarities between our thermal inertia maps.ahd the
- . thermal inertia would have to be in the form of a sinuous line. D il images obtained from the LROC. For lava tubes N, R, and L it is very
Lava tubes originated from ancient clear that there are lava tubes that match up almost exactly in their
volcanic lava flows. As lava flows, the Data Collection Process: sinuosity and the proximity to craters. Based on these similarities, it is
stream of lava slowly carves into the We used thermal inertia mapping in our research to very likely that our thermal maps are confirming the existence of a
surface, eventually sinking deeper into the We identified the location window of each lava tube using JMARS and then identify lunar lava tubes. Lava tubes have a higher lava tube as suggested by LROC images. However, in the case of lava
surrounding material. Over time, the top downloaded the temperature data for that window from the Lunar Orbital thermal inertia and lower diurnal temperature tube C, our thermal inertia map did not show large sections of the
of. | the lava COOI? and creates a Data Explorer wedbs;ce. We obtalr;e(:]flldes cqntammg slz;\ytlme a(;md n.lghtt|me difference than the surface of the Moon. Therefore, by lava tube seen in the visual image.
ceiling. After the ceiling forms, the IEfva temperatures and t e.n se.parate the data into two files, one daytime (275 ocating areas with the least change in temperature
may continue to flow. The lava then drains to 400 K), and one nighttime (75 to 125 K). We then used Surfer to make vetween day and night we are able to approximate In an effort to explain the discrepancies found between the visual
out, leaving a hollowed lava tube. two maps, day temperatures and night temperatures, and then subtracted ocations of lava tubes and compare that to visual and thermal image of lava tube C, we looked at three possible
S the nighttime grid from the daytime grid to create our thermal inertia map. images from the Lunar Reconnaissance Orbiter Camera. reasons. Imtla”Y we Fh(?ught that the data resolution may have been
! We focused our research on four of the lava tubes inadequate for identifying small features such as lava tube C but we
o lculated that data resolution was sufficient. The second possibility
_ Potential Usage: : ici : : labeled by Coombs — lava tubes N, R, L and C. -
8 Comparison of Visible & Thermal Inertia Maps : Y 2 we considered was related to the depth of the lava tube. Lava tubes
Lunar lava tubes are being considered as possible shelters that deeper under the lunar surface would have a smaller effect on surface

thermal inertia. We also created elevation maps from LOLA
| data to see if sections of the lava tube
T were collapsed and compared them to
the thermal inertia maps. We found no
correlation between the two.

would provide a hospitable environment for human habitation. Lava Tube N
Lava tubes remove the need for massive digging or burrowing. .

They also have potential to provide shielding from cosmic and
UV radiation, meteorite impacts, and extreme temperatures. On
the surface of the Moon, temperatures are extreme because
there is no atmosphere to stabilize the thermal energy
difference between day and night. However, the temperature
inside the lava tubes is more stable, at a nearly constant 257 K,
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Cassandra Coombs has attempted to identify lunar lava tubes
using visual images. Of the 15 lava tube candidates that
Coombs identified, most were located in four primary mare
locations, which are sites of ancient volcanic activity. Coombs
concluded that uncollapsed segments between two or more
collapsed segments along the trend of a sinuous rille may
indicate the presence of lava tubes.
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Summary:

Our goal was to find a method for using thermal inertia to identify intact
lunar lava tubes, which have great promise for human habitation. We
looked at four potential lava tubes that had been previously identified by
Cassandra Coombs using visible imaging. Of the four, three were clearly
identified in the thermal inertia mapping. A thermal inertia difference may
be a result of the properties of the material(s) at the target location and

However, because of the difficulty in finding surface expression
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for intact lava tubes, which could be masked by secondary lava - ST not necessarily a lava tube; however, based on the visible map, we

ﬂOWS or impact ejecta’ therma| inertia mapping’ a|0ngside Of WAC Mosaic Centered at 44.1E, 1IN , ' 2° 5 WAC Mosaic Centered at 316.5E, 34.4N Centered at 316.5E, 34.4N conclude that the method of thermal inertia mapping has strong potential

visible imaging, has been used in an attempt to identify lava Acknowledgements: to |dent|fy|nt§ctlunarlava tubes.. | |

tubes. (Meyer) N ) As an extension, we hope to identify undiscovered lava tubes on the
We would also like to thank Dr. Amanda Nahm for her guidance throughout our research. perlmeter Of the mare reglon USIng thermal |nert|a mapplng. The mare
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